A new process has been developed for the preparation of vanadium metal from its oxide (V2O5).
INTRODUCTION
The metal vanadium has been credited with many well-merited high temperature applications. Tradi- The effect of various experimental parameters, at different stages, has been discussed in detail. 
THEORETICAL CONSIDERATIONS

Nitrides of vanadium
Thermal decomposition of VN
Electrorefining of impure vanadium
The impurities present in ( (Table 1) are less reactive (hence called nobler impurities) and as a consequence will try to remain in the anode feed. However, if they enter into the electrolyte from some other sources, then they will Table 1 Electromotive Force Series of elements in equimolar NaCl-KCl at 700-900°C Table 2 Electromotive Force Series of elements in LiCI (59 mol%) -KCl eutectic at 450°C, E°M (molarity)
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Ni 00 Ni (0) -0.795 
Μ -> impurity element
The non-metallic impurities such as carbon, oxygen and nitrogen remain in the form of carbides, oxides and nitrides, respectively, in the anode feed, and do not take part in electrorefining owing to their extremely low solubility in the molten salt bath.
EXPERIMENTAL
Preparation of VN
The charge mixture, comprised of high purity V 2 0 5 (98.5 % pure) and graphite powder (99.5 % pure), was blended with a binder (5% camphor in acetone). The blended mixture was compacted into cylindrical pellets of 0.015 m dia. These green pellets were kept in a graphite crucible, which, in turn, was kept in a 30 kW laboratory vacuum induction furnace ( Figure 2 ). The furnace was first evacuated and then purged with oxygen free nitrogen gas. The pellets were then gradually heated to a temperature of 1500-1600°C under continuous nitrogen flow. The nitriding reaction was monitored by burning off carbon monoxide gas at the exit port of the nitrogen gas line.
Thermal decomposition of VN
The nitrogen gas lines, after completion of nitriding reaction, were replaced by vacuum connections.
Gradual heating of vanadium nitride pellets, to a maximum temperature of 1800°C, was again carried out in the same furnace under dynamic vacuum. The (V,N,C,0), so formed, was cooled to room temperature under dynamic vacuum. Finally, the charge was taken out of the furnace, after filling in the furnace chamber with high purity argon gas.
The experimental details pertaining to both nitriding and dentriding have been described elsewhere /25,26/.
Electro refining of (V,N,C,0)
Electrorefining runs were carried out in a 0.15m dia inconel retort. The cell consisted of two chambers. The lower chamber was meant for containing the cell whereas the upper chamber was used for cooling the vanadium deposits. A high density graphite crucible was used to contain the molten electrolyte and the anode feed. Prior to actual electrolysis, calculated quantities of salt mixtures were vacuum dried and then melted in argon atmosphere. To the molten salt mixture, VC1 2 was added by in situ chlorination of vanadium. The chlorination was carried out with a mixture of argon and chlorine at 750°C by maintaining the flow rates at 1.6 χ 10" 6 mV and (0.83 -1.6) χ 10" 6 mV respectively
Anode feed was then placed in the bath and electrorefining test runs were carried out to deposit vanadium on a molybdenum cathode. Figure 3 describes the molten salt electrorefining assembly. The experimental parameters which affected the formation of vanadium were (i) oxide-to-carbon charge composition (ii) nitriding temperature and time (iii) nitrogen flow rate (iv) particle sizes of V 2 Oj and graphite powder.
The presence of excess carbon and/or oxide in the charge mixture resulted in higher amounts of residual carbon and oxygen contents respectively in the final product. That is why various charge compositions were tried to prepare a nitride with minimum residual carbon and oxygen contents. A charge composition of V 2 O s + 4C was found to yield a VN with minimum residual impurities. The formation of nitride was found to take place at a temperature ~ 1200°C. The extent of reaction was found to be incomplete even when the temperature was raised to 1400°C. A nitriding temperature of 1500°C for 3 h was found to be independent of oxidecarbon charge quantity up to 750 g. The reaction was found to be vigorous, resulting in the disintegration of nitride pellets, at a temperature >1600°C. The stoichiometry of VN was found to depend upon the flow rate of nitrogen gas. An optimum flow rate of 13.3xl0' 6 mV was found to be adequate to obtain the stoichiometric VN. The particle sizes of both V 2 0 5 and graphite powder were varied between the ranges 53-149 and 37-105 μιη respectively. The percentage conversion of V 2 0 5 to VN with time was found to be appreciably higher when the particle sizes were between the narrow ranges 53-74 and 37-44 μιη respectively. The effects of pellet size and compacting pressure in the ranges 0.01-0.02 m and 120-200 MPa respectively were found to have no significant bearing on the extent of nitriding reaction. The chemical analysis of VN (Figure 4 ) obtained at 1500°C is given in Table 3 .
RESULTS AND DISCUSSION
Preparation of VN
The formation of VN by carbonitrothermic reduction of V 2 0 5 can be described by the following overall
Thermal decomposition of VN
The thermal decomposition of VN, under vacuum, took place in the following sequential order Table 4 . Am' 2 and 800°C respectively. It was also observed that the rate of electrolyte drag out was higher in the temperature regime 700-750°C. Similarly, the electrodeposit was found to be more powdery and less dendritic in nature at higher temperature (> 900°C) as well as CCD (> 3229 Am' 2 ).
A New Process for the Preparation of Vanadium Metal
LiCI-KCI-VCl 2 bath
The electrorefining behaviour was studied by varying the temperature, CCD and operating voltage in the ranges 550-680°C, 1076-6458 Am' 2 and 0.5 -1.15 V respectively. It was observed that a mixture of both dendritic and powdery deposits were obtained at all the CCDs. However, predominantly coarse crystalline metal deposits were obtained at a CCD lower than 3229 Am" 2 whereas the deposits were of a finer nature at a CCD higher than 3767 Am' 2 . Best quality deposits were obtained between a narrow CCD range, viz. 2691-3170
Am' 2 . The optimum CCD was determined to be 3170
Am"
2
. Also with increased CCD, a rise in the cathode current efficiency (CCE) (from 25 % at 1076 Am" 2 to 90% at 4305 Am" 2 ) was observed. The effect of electrolysis temperature on the quality and quantity of metal deposits was also studied. It was observed that in the temperature range 600-620°C, the cathode deposits were coarsely crystalline and the coarser fraction started decreasing at temperatures less than 600°C and above 620°C. The optimum electrolysis temperature was found to be 620°C. Lesser yields and extremely fine powdery deposits with relatively higher electrolyte drag out were obtained at temperatures less than 580°C. The optimum soluble vanadium content was established to be 6.7 % vanadium, which is equivalent to 16 % VC1 2 .
CaCl r NaCl-Va 2 hath
The electrorefining runs were conducted within the CCD range of 1076-5382 Am" 2 . A mixture of dendritic and powdery vanadium deposits were obtained at all the CCDs. The deposited metal was predominantly powdery in nature at a CCD of less than 1614 Am" 2 and above 3767 Am" 2 . The formation of relatively coarse (particle size > 840 μιτι), dendritic and needle shaped crystallites was found to be higher ( > 95 %) within a narrow CCD range of 2691-3229 Am" 2 . The optimum CCD was found to be 3229 Am" 2 . The maximum current efficiency, under optimum CCD, was found to be 90 %.
The effect of the electrolysis temperature was studied in the range 550-700°C. The best quality vanadium (coarse crystallites) was obtained between the temperature range 600-620°C. The CCE was found to increase gradually with a rise in temperature, attained a maximum value at 620°C and then started decreasing with further rise in temperature. The apparent decrease in % CCE at a temperature higher than 620°C was due to the formation of very finely powdered vanadium which eventually fell into the bath. The optimum temperature of electrolysis was found to be 620°C. The quantity of vanadium, present in the electrolyte in the form of VC1 2 , critically affects both the quality as well as quantity of the vanadium. In the present investigation, a minimum of 3 wt.% vanadium was found necessary for obtaining coarser vanadium crystal deposits. The quality of vanadium crystals as well as overall current efficiency were found to improve with increase in vanadium content in the bath. The optimum vanadium quantity was determined to be 7.15 wt.%, which is equivalent to 17 wt% VC1 2 . Significant refining, with respect to the elements such as nitrogen, oxygen, carbon, silicon, sodium, calcium, magnesium and manganese, took place. Although no copper was present in the impure vanadium, traces of copper were found to be present in the refined vanadium. It is quite likely that copper, being a nobler impurity, might have come from either the electrolyte or graphite crucible. Tables 5 and 6 show the optimum operating conditions as well as electrorefining results and chemical purity of vanadium respectively. Figure 6 shows a typical photograph of coarse (+ 20 mesh) and dendritic vanadium crystals, electrodeposited from a fused salt bath. 
Carbonitrothermic vanadium vis-a-vis other anode feed materials
Certain definite advantages could be obtained when yield. This is evident from the data presented in Table 7 . Ill, 131,141 -> data obtained from references.
On the basis of the present studies, a new process flow-sheet has been developed for the preparation of high purity vanadium metal from its nitride intermediate ( Figure 7 ).
CONCLUSION
The present studies have shown the feasibility of preparing high purity vanadium from vanadium nitride. 
